To assess the treatment outcome for disc infection in 35 patients. Methods. Records of 23 men and 12 women aged 36 to 62 (mean, 43) years who underwent treatment for pyogenic discitis after open discectomy were reviewed. All patients had single-level disc herniation of L4-5 (n=28) or L5-S1 (n=6), except for one who had 2-level disc herniation of L4-S1. Single antibiotic was given one day prior to discectomy and continued for 2 days. All excised discs were found to be sterile. Discitis was classified into acute (n=26), subacute (n=7), and chronic (n=2). Antibiotic therapy was started immediately when the clinical diagnosis was made. 31 patients were treated with antibiotics alone; the remaining 4 underwent surgery entailing simple posterior superficial wound drainage (n=1), anterior radical surgery (n=2), or posterior instrumentation and posterolateral fusion for post-discectomy syndrome (n=1). Six of the 12 patients who had percutaneous disc space aspiration underwent disc
missed or delayed because of misinterpretation of postoperative complaints and examinations. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The outcome of post-discectomy spondylodiscitis is unfavourable. [7] [8] [9] [10] [11] [12] [13] [14] [15] Presentations of disc infection vary from septic with progressive neurologic disorder to non-septic with good recovery after immobilisation and antibiotic treatment. 2, 3 Some consider antibiotics alone unable to control the infection and suggest surgical rather than conservative management. We assessed the treatment outcome for disc infection in 35 patients.
Materials and Methods
Records of 23 men and 12 women aged 36 to 62 (mean, 43) years who underwent treatment for pyogenic discitis after open discectomy between 1991 and 2006 were reviewed. All patients had single-level disc herniation of L4-5 (n=28) or L5-S1 (n=6), except for one who had 2-level disc herniation of L4-S1. No patients were diabetic, immuno-compromised, or drug abusers. 18 and 17 patients were operated on by neurosurgeons and orthopaedic surgeons, respectively. 11 of the patients were referred from other hospitals. A single antibiotic was given one day prior to discectomy and continued for 2 days. All excised discs were found to be sterile.
Based on the clinical staging system, 12,13 postdiscectomy discitis was classified into acute (n=26), subacute (n=7), and chronic (n=2). Initial symptoms of infection presented after a mean of 8 (range, 2-21) days. Acute infection usually presented with a spiking fever on days 2 to 5. Subacute infection developed milder, gradual onset of symptoms on days 10 to 21. Chronic infection was insidious and presented after discharge from hospital or during the late postoperative period (≥3 months).
Radiographic staging was classified as grade I (n=28), grade II (n=6), and grade III (n=1) destruction. Only 8 and 3 patients underwent magnetic resonance imaging and bone scanning, respectively, which revealed intra-osseous oedema and extra-osseous pus in front of the dural sac and high uptake at the disc.
Blood tests for white blood cell count (WBC), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) and clinical symptoms and radiographs were assessed pre-and post-operatively (day 3, weeks 1, 2, 3, 6, and 12).
12 patients in later series underwent percutaneous disc aspiration using a fine needle (for cytology) or a discography needle or a discectomy trocar (for drainage and culture). Six of them underwent disc space irrigation. Positive cytology showed chronic inflammatory cells (lymphocytes and plasma cells). Patients with negative culture in whom infection was suspected were observed clinically and monitored by laboratory testing and biopsies.
Antibiotic therapy was started immediately when the clinical diagnosis was made. 31 patients were treated with antibiotics alone; the remaining 4 underwent surgery entailing simple posterior superficial wound drainage (n=1), anterior radical surgery (n=2), or posterior instrumentation and posterolateral fusion for post-discectomy syndrome (n=1).
23 of the 35 patients with negative cultures received intravenous monotherapy with cloxacillin or tobramycin for 4 weeks, followed by the same antibiotics (intravenous or oral) for 2 weeks based on laboratory results. 12 of the 23 patients were later proved to have infection by percutaneous aspiration cytology and received either clindamycin or tobramycin or vancomycin depending on bacterial sensitivity testing. 
Symptom and radiology

results
The mean body temperatures of patients at postoperative day 3, weeks 1, 2, and 3 were 37.1ºC, 37.6ºC, 37.4ºC, and 36.8ºC, respectively. The initial symptoms included mild-to-moderate fever (n=4), severe back pain (n=27), back muscle spasms (n=26), back pain radiating to the limb (n=2), Gower sign (n=11), and a draining wound (n=1) [ Table 1 ]. After antibiotic therapy, the Gower sign subsided within a mean of 7 (range, 5-14) days, and muscle spasms with leg cramps subsided within a mean of 9 (range, 7-12) days. Mild back pain and stiffness persisted over a year in 6 patients. The WBC, ESR, and CRP peaked at week 1 and started to decrease in week 2 ( Table 2) .
Regarding the 12 patients who underwent percutaneous disc aspiration, the causative organisms were Staphylococcus aureus (n=6), Staphylococcus epidermidis (n=3), Enterobacter species (n=1), Pseudomonas aeruginosa (n=1), and Bacteroides (n=1). Their biopsies showed sheets of neutrophils (in acute discitis) and the mixture of inflammatory cells including neutrophils, plasma cells, and lymphocytes (in subacute discitis).
In all patients, the discs became narrower rapidly in early stage, and there was further narrowing even after infection control ( Figs. 1 and 2) . In 2 patients, parts of anterior bony column collapsed. In the patient with anterior radical surgery, the infection spread to the neighbouring tissue. No patient had spontaneous intercorporal fusion, although in 2 patients there was close bony contact of the affected vertebral bodies at the L4-L5 level. In a referred patient, the infection was advanced, as he was initially treated for disc reherniation and treatment was delayed for 3 months (Table 3) .
discussion
Disc space infection can extend to the epidural space or start in both spaces simultaneously. If treatment is not initiated quickly, such infections eventually lead to spondylodiscitis. [6] [7] [8] [9] Infection can be caused by inoculation during discectomy or haematogenous seeding to the surgical site. In our series, discitis was assumed to be caused by surgery-related direct bacterial inoculation, as blood cultures were negative. Nonetheless, surgical site swab culture was not performed routinely before wound closure.
Patients with post-discectomy discitis may present with increasing low back pain only. Some patients manifested several months after discectomy, although their wounds appear normal. [15] [16] [17] [18] [19] Malaise and mild fever, back pain with muscle spasms, muscle cramps in the legs, and pseudo-Gower sign rising from the bed were the clinical manifestations. 11 Additional laboratory and image studies should be performed immediately in patients with such symptoms.
After antibiotic therapy, symptoms subsided within one to 2 weeks, in parallel with the normalisation of WBC and inflammatory markers. The ESR was always raised in post-discectomy week 1. In patients without infection, the ESR decreased to <50 mm/h by week 2. Any patient with increasing back pain and an elevated ESR of >50 mm/h after week 2 must be suspected to have discitis. 1 CRP levels have a higher predictive value for sepsis than ESR or WBC counts do, and if there is no complication they fall rapidly after postoperative day 2. CRP levels at day 6 should be lower than at day 1. High levels indicate possible postoperative infection. 17 Radionuclide imaging may detect the lesion at the pre-radiologic stage, but is non-specific. 18 Magnetic resonance imaging at post-discectomy weeks 2 to 3 Isolation of the disc from circulating blood may explain the lack of response to prophylactic antibiotics, and development of intradiscal infection despite minimal bacterial inoculation. The duration of antibiotic prophylaxis should be 24 to 72 hours, 23 although some consider that 24 hours of antibiotic prophylaxis is as beneficial as 48 to 72 hours. [23] [24] [25] [26] Antibiotic prophylaxis expands the golden period. Further randomised clinical trials are needed to substantiate whether antibiotic prophylaxis is effective, or merely delays the clinical manifestations. Some antibiotics penetrate into the disc space and others do not. Positively charged aminoglycosides, gentamicin, and tobramycin penetrate into the disc more significantly than penicillin and cephalosporins do. 23 Gentamicin-containing collagenous sponges placed in the cleared disc space are effective in preventing discitis. 4, 5, 27 Tobramycin or cephazolin is recommended. 10, 27 Based on the culture and sensitivity tests in our series, cloxacillin, clindamycin or vancomycin were used for Staphylococcus aureus and S epidermidis, whereas tobramycin was used for Enterobacter species and Pseudomonas, and clindamycin for Bacteroides fragilis. Early antibiotic therapy together with slime-dissolving proteolytic enzyme therapy (serratiopeptidase) has been reported. 29 For culture-negative discitis, an antibiotic against S aureus, which is most commonly found on the skin, should be used. For large intradiscal and epidural abscesses, percutaneous needle or catheter pus evacuation and irrigation are recommended. The treatment protocol for acute and subacute discitis is the same. For subacute discitis, treatment may be delayed to differentiate it from the other discectomy syndrome or disc re-herniation.
Table 2 Changing white blood cell count (WBC), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) levels
In all our 31 conservatively treated patients, spontaneous bone fusion did not take place, but it did so in 15 patients in another series. 7 Pyogenic spondylodiscitis has less osteogenic potential to induce spontaneous fusion than tuberculous spondylodiscitis does. 28 Anterior radical surgery achieves successful results 30, 31 and should be performed at the suppressed stage of infection under sufficient antibiotic cover. 32, 33 In one of our patients who underwent anterior radical surgery at the acute stage, the infection exacerbated and spread to surrounding tissues although it was eventually controlled. In patients with advanced lesions and uncontrollable pain despite antibiotic therapy, drainage and/or debridement is suggested but should be avoided in the acute stage. Antibiotics cannot prevent disc dissolution. In patients with persistent low back pain after healing of the infection, fusion of the affected spondylotic segment is one solution to relieve mechanical backache. 31, 32 Posterior instrumentation and PLIF or combined anterior radical surgery and anterior instrumentation should be reserved for those with worsening pain, progressive disease, and neural deficit. This is because such procedures risk reactivation of infection, although some recommend combined instrumented PLIF with cages. [30] [31] [32] [33] Early diagnosis and treatment with appropriate antibiotics is important for postdiscectomy discitis.
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